Conclusions: Our results indicate that renal transplantation may be carried out safely in transplant candidates with sarcoidosis. Recurrence is not rare and is likely to affect graft outcome. These results fully justify a specific clinical and histologic monitoring mainly during the early posttransplant period.
S
arcoidosis is a multisystem disorder of unknown etiology that generally occurs in young adults between the ages of 20 and 39 years (1). It is characterized by the presence of noncaseating granulomas in various organs, usually involving the respiratory tract (2) . The highest annual incidence reported for sarcoidosis was 40 cases per 100,000 people in northern Europe (3) .
Although sarcoidosis is benign in Ͼ50% of cases, it can also be severe, involving extrapulmonary sites, such as the heart, kidneys, central nervous system, liver, larynx, or eyes (4) . Renal involvement in sarcoidosis is rare, but it is probably underestimated (5) . The current prevalence of renal failure ranges from 0.7 to 4.3% (6 -8) . Renal disease is mainly related to disturbed calcium metabolism including hypercalciuria (40% of patients), hypercalcemia (11% of patients), and renal lithiasis (10% of patients). Granulomatous tubulointerstitial nephritis, a less common cause of renal impairment, is present in 7 to 27% of all patients in postmortem studies (9) and is associated with both acute and chronic renal failure. Corticosteroids remain the cor-nerstone of renal therapy, with a good success rate, but prolonged therapy is often necessary to preserve renal function and to delay the onset of ESRD (10 -13) .
End-stage organ disease that is secondary to sarcoidosis is uncommon (2, 14) . Sarcoidosis as the initial disease accounts for only a minority of organ transplantations. Thus, only 3% of lung transplants and Ͻ1% of heart and liver transplants involve sarcoidosis as the primary disease (2) . Neither the incidence of graft rejection nor patient or graft survival appears to be different from the results observed in an overall population of similar organ recipients (15) (16) (17) (18) (19) . By contrast, sarcoidosis recurrence does not appear to be uncommon, particularly after lung transplantation, with a recurrence rate close to 50% (16, 20) . Although there are case reports for patients that have undergone liver and heart transplantation, the sarcoidosis recurrence rate remains undetermined (21) (22) (23) (24) (25) .
There is even less information on sarcoidosis recurrence in the field of renal transplantation. Only a few case reports describe renal sarcoidosis recurrence (26 -30) , and there is no available information on patient and graft outcome. Here, we describe the first series of 18 patients with sarcoidosis who underwent renal transplantation, including patient and graft outcomes, incidence, and potential risk factors of recurrence.
Patients and Methods
This multicenter retrospective study was conducted in eight French renal transplantation departments (Henri Mondor Hospital, AP-HP, Créteil; Necker-Enfants Malades Hospital, AP-HP, Paris; Rangueil Hospital, Toulouse; Strasbourg Hospital, Strasbourg; Pellegrin Hospital, Bordeaux; Hospices Civils de Lyon, Lyon; Bretonneau Hospital, Tours; Bichat Hospital, AP-HP, Paris).
Patient medical charts and demographics were retrospectively reviewed; information recorded included age, gender, history of sarcoidosis before transplantation, initial nephropathy, date of transplantation, donor source, panel reactive antibody levels, and postoperative immunosuppressive treatment. We examined the outcome of renal transplantation in these patients, including patient and graft survival, occurrence of posttransplant sarcoidosis recurrence, acute rejection episodes, cytomegalovirus infection or reactivation, causes of graft loss, and patient death. The GFR was estimated using the Modification of Diet in Renal Disease (MDRD) formula (31) . Protocol biopsies were not performed routinely; they were performed according to the protocols of each transplant center and were available for six patients (patients #4, #8, #11, #12, #13, and #14).
Quantitative data are presented as means (SD) or medians (range) in cases of asymmetric distribution and were compared using the nonparametric Mann-Whitney test. Qualitative data are presented as percentages. Categorical data were compared using the 2 test or the Fisher exact test when appropriate. A value of P Ͻ 0.05 was considered significant.
Results
Between 1992 and 2007, 18 sarcoidosis patients (12 men and 6 women; man/woman ratio ϭ 2:1) underwent renal transplantation and were included in this multicenter retrospective study. All patients met the criteria for sarcoidosis, as defined by the American Thoracic Society, the European Respiratory Society, and the World Association of Sarcoidosis and Other Granulomatous Disorders in 1999 (32) .
Clinical characteristics of sarcoidosis and the various treatments before transplantation are depicted in Table 1 . Two patients had sarcoidosis limited to the thoracic area (stage II on chest radiographs). The 16 other patients had extra-thoracic sarcoidosis with or without thoracic sarcoidosis. Before renal transplantation, 15 patients received steroid therapy and 2 received additional immunosuppressive therapy (patients #7 and #11). The median time between the last sarcoidosis episode and renal transplantation was 78 (8 to 900) months. Treatments had been stopped for a median time of 54 (4 to 132) months before renal transplantation in all patients except three who remained on immunosuppressive therapy at the time of transplantation (patients #7, #9, and #11): mycophenolate mofetil in one patient, azathioprine in one patient, and steroids in one patient. No patient exhibited clinical or biologic signs of active sarcoidosis at the time of transplantation.
Characteristics of patients at the time of transplantation and graft outcomes are depicted in Table 2 Initial renal disease was related to renal sarcoidosis in 10 of the 18 patients and was attributed to other causes in 8 patients. All cases of renal sarcoidosis were documented by histologic analysis, which showed granulomatous interstitial nephritis in all cases. The mean age at transplantation was 43.5 (Ϯ11) years. Three patients received a second transplant (patients #11, #16, and #18) and one patient received simultaneous kidney and pancreas transplants (patient #13). All grafts except one were from deceased donors. The mean donor age was 36.5 (Ϯ15) years. The mean cold ischemia time was 16.6 (Ϯ8) hours. Delayed graft function was observed in three patients. Eleven patients received induction therapy, which included rabbit anti-thymocyte globulin in four patients (patients #7, #8, #9, and #13) and IL-2 receptor antagonists in seven patients (patients #3, #4, #5, #10, #12, #14, and #17). Maintenance immunosuppression included calcineurin inhibitors (CNI) for all patients, mycophenolate mofetil or azathioprin for 16 patients, sirolimus for 2, and corticosteroids for 16 patients (all patients except #3 and #17). In three patients (patients #2, #4, and #13), steroids were withdrawn during the first year after transplantation.
The median follow-up after transplantation was 42 (18 to 196) months. At last follow-up, patient survival and death-censored graft survival were 94.4%, and the mean GFR was 60 (Ϯ25) ml/min per 1.73 m 2 . Only one patient died from pulmonary embolism 196 months after transplantation. Three patients (16%) exhibited acute graft rejection, which was treated with methylprednisolone pulses in all cases; one steroid-refractory patient was also treated with orthoclone OKT3. Cytomegalovirus infection occurred in two patients (11%). Patient and graft survivals, median GFR, and incidence of acute rejection were not statistically different among patients with sarcoidosis as the primary cause of ESRD (n ϭ 10) and those with other causes (n ϭ 8).
A recurrence of sarcoidosis after renal transplantation was observed in five patients (27%) (patients #5, #8, #9, #10, and #11). A detailed analysis of each case of recurrence is depicted in Table 3 . Three were of black African or Native Caribbean descent and two were of North-African descent. The median period between last sarcoidosis episode and renal transplanta- Table 1 . tion was 42 (8 to 96) months. Two of these patients remained on immunosuppressive therapy for sarcoidosis at the time of transplantation (patients #9 and #11), one received steroids for severe asthma, and the other received azathioprine for hepatic sarcoidosis. The median period between renal transplantation and recurrence was 13 (7 to 192) months and four of five patients exhibited a recurrence during the first 18 months after renal transplantation. Renal sarcoidosis was the primary renal disease in four of five of these patients. Clinical recurrence involved a renal allograft in two patients, extra-renal organs in two patients, and both renal and extra-renal organs in one patient.
Patients characteristics at the time of renal recurrence of sarcoidosis are shown in Table 3 . Two patients had acute renal failure (patients #5 and #9), which was associated with heavy proteinuria and leucocyturia in one case (patient #5). Recurrence in one patient was detected in a protocol biopsy sample performed 6 months after transplantation (patient #8). Sarcoidosis recurrence in renal allografts manifested itself as tubulointerstitial nephritis associated with noncaseating granulomas in all patients (Figure 1 ). At the time of recurrence, all five patients received maintenance steroid therapy (5 mg of prednisone per day). Treatment for recurrence was limited to an increase in corticosteroid therapy in all patients between 0.3 and 0.5 mg/kg per day and patients were maintained at this dosage for 1 month. The steroid taper schedule was progressive: 5 mg/d per month. Clinical outcomes after recurrence included one fatality (patient #9) attributed to a pulmonary embolism occurring 1 month after receiving therapy. The renal outcome in patient #5 was favorable, with a return of renal function to baseline levels. A control renal biopsy performed 18 months after recurrence showed a complete disappearance of the granulomatous lesions. Patient #8 had no improvement in renal function and histologic analysis performed 6 months after recurrence showed persisting granulomas and tubulo-interstitial nephritis. The median GFR was 31 (22 to 90) ml/min per Table 3 . 1.73 m 2 in patients with renal recurrence n ϭ 3 versus n ϭ 60 (Ϯ25) ml/min per 1.73 m 2 for the entire cohort. Finally, in patient #11, multiple relapses involving the skin occurred despite steroid treatment and he became corticodependent (20 mg of oral prednisone per day).
Discussion
We report here the first series of 18 patients with sarcoidosis who underwent renal transplantation. Our findings indicate that renal transplantation can be carried out safely in patients with sarcoidosis with excellent graft and patient survival (94%), after a median follow-up of 4 years. These findings are observed in renal transplant recipients in which primary renal disease is related and unrelated to sarcoidosis; these findings are also consistent with a previous report on liver and lung transplantation showing similar graft and patient survival when compared with control groups (15, 16, 33) .
Importantly, we also found a high incidence of sarcoidosis recurrence after transplantation (27%). This had previously been reported in the context of lung transplantation, with a recurrence rate of up to 47% (16) . Because all patients did not undergo systematic protocol posttransplant biopsies, some cases of "subclinical" recurrences might have been missed; thus, the incidence of recurrence might have been underestimated. This has been observed in other diseases with a propensity for renal recurrence after transplant, such as systemic lupus erythematosus or IgA nephropathy (34, 35) . Recurrences involved the same organ in four of five patients and included renal involvement in three patients and lung and liver in one patient. Sarcoidosis recurrence had no clear detrimental effect on both graft and patient survival, as previously shown in the context of other organ transplants (15, 16, 25) . However, graft function appeared to be influenced by renal sarcoidosis recurrence, as the median GFR at the end of the follow-up was significantly lower in the three patients with recurrence than that for the entire cohort (31 versus 60 (Ϯ25) ml/min per 1.73 m 2 , respectively). Thus, whether recurrence affects long-term graft survival or not remains to be established.
The next main question was to determine the risk factors for recurrence. Analysis of our recurrent cases clearly showed that (1) recurrence occurred shortly after transplantation (during the first 18 months after transplantation in four of five patients), (2) primary renal disease related to sarcoidosis was strongly associated with recurrence (40% in the group with renal sarcoidosis versus 12.5% in the group with another primary nephropathy), and (3) the median period between the last episode of sarcoidosis and renal transplantation was shorter in the case of sarcoidosis recurrence (42 versus 78 months, respectively). No risk factors for recurrence have previously been reported in series from lung, cardiac, or liver transplantation (15, 16, 25, 36 ). An analysis of previous case reports of sarcoidosis recurrence occurring after renal transplantation showed that primary renal disease was related to interstitial granulomatous nephritis in all patients (26 -30) . Our findings are consistent with these results and suggest that patients with initial renal involvement display a specific sensitivity to renal recurrence. Reasons for this finding remain to be determined, as correlations between environmental, genetic, or immune conditions and clinical phenotype have yet to be established in patients with sarcoidosis (2,5). The incidence of recurrence was also significant, as all patients were maintained on triple immunosuppressive therapy, including steroids and mycophenolate mofetil, at the time of relapse. Steroids have been effectively used as a first-line therapy for sarcoidosis, first relapse, or renal graft recurrence (5,10,26 -30) . Also, mycophenolate mofetil has been used as steroid-sparing agent in cases of steroid-dependent sarcoidosis (37) (38) (39) (40) (41) . Sarcoidosis is associated with an increase in peripheral regulatory T lymphocytes (Treg) cells, accounting for the anergic state usually observed in these patients; however, these levels are still unable to control local inflammation and granuloma formation (42) . Moreover, it has recently been shown that Treg may participate in the early stages of granuloma formation (43) . Although CNI are likely to affect both Treg expansion and function both in vivo and in vitro (44) , their ability to promote sarcoidosis recurrence is unlikely because all transplant recipients received CNI-based immunosuppresive regimen. Similarly, the role of induction therapy remains confusing because two patients with recurrence receive rabbit anti-thymocyte globulin and three IL-2 receptor antagonists. Finally, and in absence of Treg monitoring during the course of transplantation including recurrence, involvement of these T cell subsets in the recurrence process is only speculative.
Conclusions
In summary, our findings indicate that renal transplantation may be carried out safely in renal transplant candidates with sarcoidosis. However, the high incidence of recurrence observed in patients with primary renal disease related to sarcoidosis and the effect of sarcoidosis recurrence on graft function warrant specific clinical and histologic monitoring, to detect recurrences that mostly occur during the early period after transplantation. To establish whether shorter periods between the last episode of sarcoidosis and renal transplantation in patients experiencing recurrence should have an implication on renal transplant candidate management, a study with a larger cohort is required.
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